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(54) Robot operation training system 



(57) To start training before the actual robot is manufactured or installed, the robot operation training system 
has a controller 20 substantially the same as in the actual robot, and a personal computer 10 for simulating the 
functions of the robot body. The training system can be applied easily to various robots of different models. 
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ROBOT OPERATION TRAINING SYSTEM 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a robot operation 

training system, and more specifically to a robot operation 
training system without use of an actual robot. 
Description of the Prior Art 

With the advance of technology with respect to industrial 
10 robots, the operation has become complicated more and more. 
Therefore, whenever a new robot is installed, it is necessary 
to train the operator as to how to manipulate the robot. In 
addition, recently, the technological innovations are 
remarkable and therefore novel robots of various kinds have 
15 been put on the market, with the result that the necessity 
and the chances of training the robot operation increase more 
and more. 

A prior art method of training robots is disclosed in 
Japanese Patent Application Laid-open No. 1-306187 for 

20 instance, by which certain instruction programs are used, 
instead of an instructor dispatched from a robot maker. The 
training program displays the operation to be next performed 
on a display unit (e.g. cathode ray tube) in sequence in 
response to the operator's operation. 

25 In this prior art training method, however, the training 

is performed with the use of ^an actual robot to be installed, 
and therefore it is not easy on both the maker side and the 
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user side. The reasons are as follows: at present, since the 
robot operation training is performed with the use of an 
actual robot, it is impossible to perform the robot training 
before the robot to be delivered has been completely 
5 manufactured. Alternately, it is necessary to prepare another 
robot same as that delivered for only the operation training. 
Therefore, whenever a robot is manufactured and dealt, there 
exists an economical problem in that a high training cost, a 
large training space, and a long preparation time for the 
,10 transportation, installation, adjustment, etc. are required. 
Further, there exists another problem in that since an actual 
robot is used for only training, a high costly robot may be 
damaged due to an erroneous operation. 

15 SUMMARY QV THE INVENTION 

With these problems in mind therefore, it is the object 
of the present invention to provide a robot operation 
training system, by which the operation training of 
complicated robots can be performed, without use of any actual 

20 robots. 

To achieve the above-mentioned object, the robot 
operation training system of the present invention comprises 
: teaching data inputting means for inputting teaching data; 
control means for generating encoder command data to 'a robot 
25 in response to the teaching data inputted through the teaching 
data inputting means; display means for displaying a shape of 
the robot; and picture describing means for outputting data 
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indicative of change in position due to robot motion on a 
coordinate system displayed on the display means, on the 
"basis of the encoder command data. 

The picture describing means preferably comprises 
5 calculating means for calculating end point positions of the 
robot on the coordinate system by transforming the encoder 
command data into angular data; and display data forming means 
for reforming data displayed on the display means by obtaining 
picture positions on the display means on the basis of output 
0 of the calculating means. 

The robot operation training system preferably further 
comprises feedback means for feedbacking the current encoder 
data to the control means by delaying the encoder command data 
by a predetermined delay time so as to become the current 
5 data, the robot motion displayed in animation on the basis of 
the encoder data sequentially outputted from the control 
means. 

In the robot operation training system according to the 
present invention, since the controller substantially the same 

3 as the actual robot is used and further the functions 
performed by the robot body are simulated by replacing the 
robot with the personal computer, it is unnecessary to use 
the actual robot. Therefore, it is possible to start the 
operation training before the robot to be installed is 

> completely manufactured, without need of robot installing 
space and a long-time preparation time and without damaging 
the actual robot. Further, the training system can be 
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applied easily to various robots of different models. 

TVRTFF TVRSCRIPTTON OF THE DRAWINGS 

Fig. 1 is a system block diagram showing the hardware 
5 configuration of an embodiment of the robot operation training 
system according to the present invention; 

Fig. 2 is a block diagram showing the functional 
configuration of the robot operation system according to the 

present invention; 
10 Fig. 3 is a flowchart for assistance in explaining the 

processing procedure of the robot operation training system 

according to the present invention; and 

Fig. 4 is a flowchart for assistance in explaining the 

way of transforming various data in the robot operation 
15 training system according to the present invention. 

typta TT/ffD TreSHRTPTIf™ nff TTTR PBFFFRRF.T) EMBODIMENTS 

An embodiment of the robot operation training system 
according to the present invention will be described 

20 hereinbelow with reference to the attached drawings. 

The hardware configuration of the embodiment thereof will 
be described with reference to Fig . 1 . In the drawing , the 
system comprises a robot controller 20 connected to a personal 
computer 10. The personal computer 10 is an IBM's PC/AT, for 

25 instance or others interchangeable thereto, to which a 
keyboard 70 and a CRT display unit 50 are connected. The 
controller 20 is basically the same as an actual robot 
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control system in configuration and function. However, an 
actual robot body is not used, and therefore no power unit is 
provided. 

The configuration of the controller 20 will he described 
5 in more detail. A CPU board 30 and a bus adapter 40 are 
connected to a VME bus 21, which is the international standard 
bus in the robot control field. To the CPU board 30, there 
are connected various units such as a display unit 31 disposed 
on a console, for displaying various information; an operation 
10 panel 32 disposed on the console, for performing various 
operations; a teach box 33 connected to the system, for 
inputting various instruction information; a floppy disk unit 
34; a keyboard 35; and an external input/output interface unit 
36 connected to an I/O panel 37. 
15 Further, a bus adapter 40 including a dual port RAM 42 

is also connected to the CPU board 30 through the VME bus 21. 

The functional configuration of the robot operation 
training system according to the present invention will be 
described hereinbelow with reference to Fig. 2, in which the 
20 various functions mainly executed by the personal computer 10 
are shown. 

The flow of data in this robot operation training system 
will be described hereinbelow with reference to Fig. 2. 
Encoder command data B generated from the controller 20 are 
25 transmitted to an interrupt processing section 11. This 
interrupt processing section 11 transmits the encoder data E 
to a logging processing section 12 by exchanging the control 
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information A between the controller 20 and the interrupt 
processing section 11 under simultaneous communications 
processing. Further, the logging processing section 12 
transmits the encoder data E transmitted from the interrupt 
5 processing section 11 to the controller 20 as the current data 
C, and further to a data cue processing section 13 as data D. 
In more detail, on the basis of a delay time data previously 
stored in a memory 18 (a data storing section of the personal 
computer), the logging processing section 12 transmits the 
10 same data delayed by the delay time to the controller 20 and 
the data cue processing section 13 as the current encoder 
data. 

The data cue processing section 13 is connected to a 
buffer memory 60 (e.g. hard disk device) is via a log file 

15 processing section 14. The data cue processing section 13 
processes the data D and transmits the processed data. F to the 
log file processing section 14. Therefore, the data cue 
processing section 13 serves to store the data D to be 
displayed in off-line mode in the buffer memory 60 as the data 

20 M. 

The data D passed through the data cue processing section 
13 are further transmitted to a data arithmetic processing 
section 15 as data G. The data arithmetic processing section 
15 transforms the encoder values G into angular data on the 
25 display picture, with reference to data classified according 
to the robot data and tool data stored in the memory 18, and 
further calculates the position of an end point of the robot 
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hand or tool on the display picture. 

These angular and positional data K are given to the on- 
line display data forming section 16. The on-line display 
data forming section 16 reconstructs the data to be displayed 
5 on the basis of the display condition information read from 
the memory 18, and outputs the reconstructed data to a CRT 
display unit 50 as display data N. 

As a result, the changes in posture of the robot and tool 
can be displayed on the display picture in real-time mode. 
10 Further, the data stored in the memory 18 can be added, 

modified, and deleted by activating a function key processing 
section 17 by depression of function keys or other keys 
arranged on a keyboard 70 connected to the personal computer. 
The processing operation of the robot operation training 
15 system according to the present invention will be described 
hereinbelow with reference a flowchart shown in Fig. 3. 

When the system is started, a picture for allowing the 
operator to select any one of robot models is displayed on the 
CRT display 50 (in step S101). On the basis of this picture, 
20 when the operator selects one robot model (in step S102), the 
on-line display data forming section 16 reads the initial 
display condition information and the shape data of the 
selected robot model from the memory 18 (in step S103), forms 
the display picture layout and the display data on the basis 
25 of the read information, and then displays the formed display 
results on the CRT display 50 (in step S104) . Subsequently, 
the display conditions such as the display magnification, the 
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direction of visual point, the number of pictures to be 
display simultaneously, etc. are changed where necessary (in 
step S105). In addition, a tool is attached on the robot and S 
a workpiece is set where required (in step S106) . 
5 Under these conditions, when the controller 20 is 

activated (in step S107) , an on-line display mode is 
established between the controller 20 and the CRT display 50 

(in step S108) . 

Thereafter, when the operator sets the operation mode to 

10 a teaching mode (in step S109) to execute the teaching by use 
of a teaching box 33 (in step S110) , the encoder command data 
B given from the controller 20 are transmitted as encoder 
command data G to the arithmetic processing section 15 via the 
interrupt processing section 11, the logging processing 

15 section 12 and the data cue processing section 13 (in step 
Sill). Here, the encoder command data G are transformed into 
angular data with reference to the robot data read from the 
memory 18 (in step S112), and further the shape data of the 
robot and tool read from the memory 18 are transformed into 

20 three-dimensional shape data on the basis of the angular data 
at the current positions (in step S113) . Further, the above- 
mentioned data are synthesized with the shape data of a 
workpiece read from the memory 18 (S114) . 

The synthesized shape data are further transformed into - 

25 shape data to be displayed on a coordinate system (i.e. the 
direction of visual point) determined as the picture 
displaying conditions read from the memory 18 to obtain the 
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shape data to be displayed (in step S115). Therefore, the 
above-mentioned information can be displayed on the CET 
display 50 (in step S116) . The above-mentioned data 
displaying steps from Sill to S116 are executed repeatedly 
5 until the control reaches the operation end. Therefore, the 
operation designated by the teaching is displayed on the 
display unit in the form of animated picture. 

The teaching mode can be executed as described above. 
In the case of the repeat mode, on the other hand, the 
10 operation modes of the controller is set to the repeat mode 
in step S109, and repeat conditions are set in step S110, to 
execute the operation quite the same as in the teaching mode. 

The way of transforming various data in the robot 
operation training system according to the present invention 
15 will be described hereinbelow with reference to a flowchart 
shown in Fig. 4. 

First, the data arithmetic processing section 15 executes 
various data calculations on the basis of the encoder data 
301 for robot joints. That is, the encoder data 301 are 
20 transformed into angular data 302 on the basis of resolution 
data 111, encoder zero— point data 112, and coupling factor 113 
stored in a robot model data storing means 110 included in 
the memory 18 (in step S201). Sequentially, transformations 
are executed on the basis of link length data 114 included in 
25 the robot model data and tool length data 121 stored in a tool 
data storing means 120 included in the memory 18 (in step 
S202) to obtain the flange surface position and direction data 



BNSDOCID: <GB 2270788A_|_> . 



10 

303 and position and direction data 304 of robot joint. In 
addition, three-dimensional tool shape data for display are 
formed on the oasis of the tool shape data 122 included in the :- 
tool data and the flange surface position and direction data ^ 
5 303 (in step S203) and further three-dimensional robot shape 
data for display are formed on the oasis of the robot shape 
data 115 included in the robot model data (in step S204) . 
Therefore, three-dimensional shape data 305 can be obtained 
together with workpiece shape data 131 stored in the 

10 workpiece data storing means 130 included in the memory 18. 

On the basis of these three-dimensional shape data for 
display 305, the on-line display section 16 executes the 
display operation. In more detail, the on-line display 
section 16 control transforms the display coordinate system 

15 on the display picture on the basis of the display condition 
data such as the magnification data 141, the visual point 
direction data 142, the visual point position data 143, the 
display range data 144, etc., the display picture number data 
145 indicative of whether only one picture or two-divided 

20 pictures are displayed, etc. all stored in the display 
condition storing means 140 included in the memory 18 (in step 
S205) to obtain two-dimensional shape data 306 for display. 
On the basis of the two-dimensional shape data 306, the on- 
line display section 16 executes a graphical picture display ^ 

25 (in step S206) . 

As described above, in the robot operation training 
system according to the present invention, the operator can 
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confirm visually whether the robot taught as described above 
can operate satisfactorily. Accordingly, when the robot motion 
taught is not of satisfactory, the operator can immediately 
correct the teaching operation and further checks the taught 
5 results, so that it is possible to quickly master the robot 
operation and further to realize an excellent robot motion. 

As described above, in the robot operation training 
system according to the present invention, the controller 
substantially the same as the actual robot is used and further 

10 , the functions of the robot body are simulated by the personal 
computer. Therefore, since it is unnecessary to use the 
actual robot equipment, it is possible to start the operation 
training before the robot to be installed is completely 
manufactured, without need of a large robot installing space 

15 and a long-time preparation time and without damaging the 
robot equipment. Further, the training system can be applied 
easily to various robots of different models. 



BNSDOCI& <G8 2270788A l_> 



12 

WHAT IS CLAIMED IS: 

1. A robot operation training system, comprising: 

teaching data inputting means for inputting teaching 

data; 

5 control means for generating encoder command data to a 

robot in response to the teaching data inputted through said 
teaching data inputting means; 

display means for displaying a shape of the robot; and 
picture describing means for outputting data indicative 
10 of change in position due to robot motion on a coordinate 
system displayed on the display means, on the basis of the 
encoder command data. 



2. The robot operation training system of claim 1, wherein 
15 said picture describing means comprises: 

calculating means for calculating end point positions of 
the robot on the coordinate system by transforming the encoder 
command data into angular data; and 

display data forming means for reforming data displayed 
20 on said display means by obtaining picture positions on said 
display means on the basis of output of said calculating 
means . 

3. The robot operation training system of claim 1, which * 
25 further comprises feedback means for feedbacking the current ^ 

encoder data to said control means by delaying the encoder 
command data by a predetermined delay time so as to become the 
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current data, the robot motion "being displayed in animation 
on the basis of the encoder data sequentially outputted from 
said control means. 

4. A robot operational training system substantially 

as described herein with reference to and as illustrated 
in the accompanying drawings . 
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